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[0001] 
Field nf the Invention 

The present invention relates to an optical spectrum analyzer 
and an optical spectrum detecting method, and in particular to an 
10 optical spectrum analyzer and an optical spectrum detecting method 
having a function of monitoring optical power per wavelength of a 
wavelength-(division-)multiplexed optical transmission signal. 
[0002] 

As an optical spectrum analyzer having such a function, one is 
15 known which is composed of a spectrograph and a photodevice array 
(e.g. Japanese Patent Application Laid-open No. 9-210783). In 
comparison with one having mechanical movable parts, such an optical 
spectrum analyzer is reliable, so that it has been of greater importance 
as one preferably applied to an optical transmission apparatus 
20 required to be used for a long term. 

[0003] 

DeanriptioT i r>f the Related Art 

Fig.9 shows a prior art optical spectrum analyzer having no 

25 mechanical movable parts as mentioned above. In Fig.9, an output 
light from an optical fiber 1 is separated into P polarization and S 
polarization by a polarization compensating plate 2, thereby 
suppressing a polarization dependence. Both polarizations are sent, 
through a lens 3, to a difiEraction grating 4 serving as a spectrograph. 

30 [0004] 

The polarizations are spatially separated per wavelength 



component in a wavelength-multiplexed optical transmission signal by 
the diffraction grating 4, reflected by a reflection mirror 60 through a 
lens 5, and inputted to a photodevice array 7. 

By such an arrangement, a wavelength-multiplexed signal light 
5 is separated per wavelength at the diffraction grating 4, passes 
through the reflection mirror 60 for the enhancement of measurement 
accuracy, whereby a longer path is formed. The signal light then 
enters into a photodevice array 7 composed of a plurality of 
photodevices (not shown) to which wavelengths are preliminarily 
10 assigned, so that the wavelength and the power of the entered signal 
light are outputted to be meas\ired. 
[0005] 

Since such a prior art optical spectrum analyzer has an 
arrangement of detecting the wavelength-multiplexed optical 
15 transmission signal by the photodevice array, it has been 
disadvantageous that resolutions of a wavelength and optical power 
are limited and a high accuracy measurement is difficult. 
[0006] 

Namely, in a conventional wavelength-multiplexed optical 
20 communication system, for the wavelength resolution, the number of 
the photodevices assigned for detecting a single wavelength is 
physically limited to three or so, resulting in a problem that the 
measurement accuracy deteriorates in case where a center (peak) of 
an optical beam does not enter into the photodevice array in the 
25 wavelength measurement. 
[0007] 

This will be described referring to an example shown in Fig.lA. 
When the photodevice array 7 is composed of photodevices such as 
PD1-PD5, and an incident Hght from the reflection mirror 60 has a 
30 power distribution (D, the peak of the incident Hght is formed between 
the photodevices PD2 and PD3, whereby the center of the photodevice 



2 



does not coincide with that of the optical beam. As a result, a 
wavelength X 2 assigned to the adjoining photodevice PD2 is 
erroneously detected, although a wavelength 1 3 assigned to the 
photodevice PD3, for example, should be detected. 

5 

[0008] 

Summary of the Invention 
It is accordingly an object of the present invention to achieve an 
optical spectrum analyzer and an optical spectrum detecting method 
10 wherein the analyzer is composed of a spectrograph and a photodevice 
array, and consistently enters an optical beam, without increasing the 
number of the photodevices composing a photodevice array, into a 
center of each photodevice. 
[0009] 

15 In order to achieve the above-mentioned object, an optical 

spectrum analyzer according to the present invention comprises* a 
spectrograph, an acoustooptic device for diffracting an output Ught of 
the spectrograph, a photodevice array for detecting a wavelength of a 
diffraction light or a non-diffraction light from the acoustooptic device, 

20 and a control circuit for detectiii^ a wavelength deviation, from an 
assigned wavelength, of a light detected by the photodevice array to 
control a diffraction angle of the acoustooptic device (claim 1). 
[0010] 

Namely, in an optical spectrum analyzer according to the present 
25 invention, an acoustooptic device having a substance whose refractive 
index (diffraction angle) is changed by modulating an acoustic 
frequency is substituted for a reflection mirror 60 in the prior art 
optical spectrum analyzer shown in Fig.9. A control circuit detects a 
wavelength deviation, from an assigned wavelength, of a light 
30 detected by a photodevice array and controls the diffraction angle of 
the acoustooptic device. 
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[0011] 

Thus, as shown in Fig. IB, the wavelength is shifted from the 
state of a power distribution ® (corresponding to Fig.lA) of an 
incident light in case where the acoustooptic device is not used, to the 
5 state of a power distribution (D . Accordingly, the center of the 
photodevice PD3, in this example, coincides with the peak of the 
incident Ught, so that the wavelength (and the power) of the incident 
light is measured as a wavelength X 3 preliminarily assigned to the 
photodevice PD3. 
10 [0012] 

The above-mentioned control circuit may be composed of a 
wavelength deviation detecting circuit for detecting wavelength 
deviations between wavelengths preliminarily assigned to 
photodevices composing the photodevice array and a wavelength of the 

15 light detected by the photodevice array, a beam dififraction angle 
calculator for calculating, from the wavelength deviation, a beam 
dii^action angle for providing incident light to the photodevice 
corresponding to the assigned wavelength, and an acoustic frequency 
calculating circuit for calculating an acoustic frequency from the beam 

20 diffraction angle to be provided to the acoustooptic device (claim 2). 
[0013] 

Also, the above-mentioned wavelength deviation detecting circuit 
may be composed of a calculator for calculating a peak wavelength of 
the light detected by the photodevice array, and a detector for 
25 detecting a wavelength deviation between the peak wavelength and a 
closest wavelength among the photodevices in the photodevice array 
(claim 3). 
[0014] 

Furthermore, the above-mentioned calculator may obtain an 
30 intensity of each photodevice to obtain a Gaussian distribution from 
the intensity, thereby calculating the peak wavelength (claim 4). 
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While the above-mentioned optical spectrum analyzer adjusts 
the angle of the diffraction light at the acoustooptic device by using a 
feedback loop from the photodevice array to the acoustooptic device, 
an optical spectrum analyzer without using such a feedback loop can 
5 be achieved by the present invention. 
[00151 

Namely, if two photodevice arrays are provided for respectively 
receiving an exit light and a diffraction Ught from the acoustooptic 
device, and for mutually compensating gaps between photodevices, 
10 accurate wavelength detection can be performed by either of the 
photodevice arrays (claim 5). 

It is to be noted that as the above-mentioued acoustooptic device, 
either a reflection-type or a transmission-type may be used (claims 6, 
7), whereby the wavelength detection can be performed at the 
15 photodevice array by using the exit Ught and/or the diffraction Hght, 
[0016] 

It is to be noted that the above-mentioned optical spectrum 
analyzer may further include a polarization compensating plate for 
separating a wavelength-multiplexed input signal into orthogonal 
20 components (claims 8, 9). 

Furthermore, as the above-mentioned spectrograph, a diffraction 
grating may be used which spacially separates an output Hght of the 
polarization compensating plate into each wavelength component 
(claims 10, 11)- 
25 [0017] 

Also, in the present invention, for achieving the above-mentioned 
object, an optical spectrum detecting method is provided which detects, 
when an output Hght of a spectrograph is detected by a photodevice 
array through an acoustooptic device, a wavelength deviation, from an 
30 assigned wavelength, of a light detected by the photodevice array, and 
controls a diffraction angle of the acoustooptic device (claim 12). 
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[0018] 

The above-mentioned control of the diffraction angle may be 
performed by detecting wavelength deviations between wavelengths 
preUminarily assigned to photodevices composing the photodevice 
5 array and a wavelength of the Hght detected by the photodevice array, 
by calculating, from the wavelength deviation, a beam diffraction 
angle for providing incident Ught to the photodevice corresponding to 
the assigned wavelength, and by calculating an acoustic frequency 
from the beam diffraction angle to be provided to the acoustooptic 
10 device (claim 13). 
[0019] 

The above-mentioned wavelength deviation may be detected by 
calciilating a peak wavelength of the hght detected by the photodevice 
array, and by detecting a wavelength deviation between the peak 
15 wavelength and a closest wavelength among the photodevices in the 
photodevice array (claim 14). 

Also, the above-mentioned peak wavelength may be calculated 
by obtaining an intensity of each photodevice and by obtaining a 
Gaussian distribution from the intensity (claim 15). 

20 

Brief Description of the Drawings 
Figs.lA and IB are diagrams for illustrating an operation of a 
spectrum analyzer according to the present invention as opposed to a 
prior art technology; 
25 Fig.2 is a block diagram showing a whole arrangement of a 

spectrum analyzer according to the present invention! 

Fig.3 is a block diagram showing an embodiment of a peak 
wavelength calculator used for a spectrum analyzer according to the 
present invention; 

30 Fig.4 is a graph for illustrating an operation of a peak 

wavelength calculator shown in Fig.3; 
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Fig. 5 is a block diagram showing an embodiment of a wavelength 
deviation detector used for an optical spectrum analyzer according to 
the present invention; 

Fig.6 is a schematic diagram showing a relationship between a 
5 beam diffiraction angle and a wavelength deviation obtained by an 
optical spectrum analyzer according to the present invention; 

Figs.7A-7C are block diagrams showing another embodiment of 
an optical spectrum analyzer according to the present invention; 

Figs.SA and 8B are block diagrams showing a kind of an 
10 acoustooptic device used for an optical spectrum analyzer according to 
the present invention; and 

Fig.9 is a block diagram showing a prior art optical spectrum 
analyzer. 

Throughout the figures, like reference ntimerals indicate like or 
15 corresponding components. 

[0020] 

Description of the Embodi Tnenta 
Fig.2 shows an embodiment of a whole optical spectrum analyzer 
20 according to the present invention. This arrangement is different from 
that of the prior art in Fig.9 in that an acoustooptic device 6 where a 
refractive index (diffraction angle) is changed by applying a 
modulating voltage is substituted for the reflection mirror 60 and a 
control circuit 10 is provided to a feedback loop firom the photodevice 
25 array 7 to the acoustooptic device 6. 
[0021] 

The control circuit 10 is composed of a series circuit of a 
wavelength deviation detecting circuit 11, a beam diffiraction angle 
calculator 12, a modulation frequency calciilator 13, and a modulation 
30 circuit 14. The wavelength deviation detecting circuit 11 is further 
composed of a series circuit of a peak wavelength calculator 111 and a 
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wavelength deviation detector 112. 
[0022] 

The operation of the embodiment in the present invention will be 
sequentially described per each circuit. The wavelength deviation 
5 detecting circuit 11 will be firstly described. 

Fig. 3 shows an embodiment of the peak wavelength calculator 
111 composing the wavelength deviation detecting circuit 11. In the 
peak wavelength calciilator 111, the intensities of input signal lights 
to the photodevices composing the photodevice array 7 are firstly 
10 detected (at step Si). 
[00231 

As shown in Fig. 4, the intensities of the input signal hghts in e.g. 
the photodevices PD1-PD3 in the photodevice array 7 are respectively 
measured as intensities a-c. 
15 Based on the intensities a-c thus detected, the Gaussian 

distribution is obtained (at step S2). Thus, as shown in Fig.4, 
Gaussian distribution G can be obtained. 
[00241 

As a result, a peak point P can be obtained (at step S3) together 
20 with the Gaussian distribution G. 

Based on wavelengths X 1' X S preliminarily assigned to the 
respective photodevices PD1-PD3, a wavelength at the peak point 
P is calculated (at step S4). 

It is to be noted that an initial wavelength value is required to be 
25 assigned to each photodevice of the photodevice array 7 at an initial 
state where a modulating voltage is not applied to the acoustooptic 
device 6. 
[0025] 

Fig.5 shows an embodiment of the wavelength deviation detector 
30 112. On the assumption that the number of assigned wavelengths is 
"n", the corresponding comparators Cl-Cn are provided, to which the 
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peak wavelength X p obtained in Figs.3 and 4 is commonly inputted. 
The assigned wavelengths X\-Xtx are inputted to the other terminals 
of the comparators C 1 * Cn. 
[0026] 

5 The output signals of the comparators Cl-Cn are respectively 

detected at difference detectors Dl-Dn as a difference value to be 
provided to a minimum value extractor E, thereby extracting the 
minimnTn difference value as a wavelength deviation A 1 at the 
minimum value extractor E. 
10 Thus, after detecting the wavelength deviation A X , the beam 

diffraction angle d is calc\ilated by using the wavelength deviation 
A ;i at the beam diffraction calculator 12 shown in Fig.2. 
[00271 

Fig.6 shows a relationship between the wavelength deviation A 
15 X detected at the wavelength deviation detecting circuit 11 and the 
beam diffraction angle 6 . The beam diffraction angle 6 for 
providing an incident light to a photodevice of the closest wavelength 
can be easily obtained in geometrical consideration of the distance 
between the acoustooptic device 6 and the photodevice array 7, a 
20 position deviation corresponding to the wavelength deviation A X , and 
the like. 
[0028] 

When the beam diffraction angle 0 is obtained at the beam 
diffraction angle calculator 12 in this way, a modulation frequency fa 
25 is calcvilated, based on the beam diffiraction angle d , at the modiilation 
frequency calculator 13. 

Namely, it is already known that the relationship between the 
diffraction angle 0 of the optical beam and the acoustic frequency fa 
is given by the following equation^ 
30 [0029] 

0=^-faA7a Eq.(l) 
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where fa^ acoustic wave frequency 
0 : diffraction angle 
Va: acoustic wave velocity 

X ' wavelengtli assigned to the closest photodevice 
Accordingly, in the above-mentioned Eq(l) the acoustic frequency 
fa can be rewritten as in the following equation^ 
[0030] 

fa=0 -YsJl '■' Eq.(2) 

Since the acoustic wave velocity Va and the wavelength X are 
known values in Eq(2), the acoustic frequency fa can be obtained when 
a diffraction angle 6 obtained at the beam diffraction calculator 12 is 
substituted as mentioned above. 
[0031] 

When the modulation frequency fa is obtained at the modulation 
frequency calculator 13 in this way, the frequency fa is provided to the 
modulation circmt 14, which drives the acoustooptic device 6 by the 
frequency fa and can control a dififraction angle of an exit beam. 
[0032] 

As a result, even when the optical beam enters into the middle of 
the photodevices PD2 and PD3 (power distribution ®),. as shown in 
Fig. IB, the beam center (power distribution @) of the incident light is 
controlled to coincide with the center of the photodevice PD3 whose 
preliminarily assigned wavelength is the closest. 
[0033] 

While in the above-mentioned embodiment, a feedback control is 
performed based on the control characteristic of the acoustooptic 
device, and the optical beam is controlled to come into the center of 
the assigned photodevice, an embodiment in case where such a 
feedback control is not performed is shown in Figs.7A-7C. 

Namely, in this embodiment, two pairs of photodevice arrays 71 
and 72 are prepared, where, as shown in Figs.7A-7C, photodevices 
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PD1-PD7 are arranged so that the gaps between the photodevices 
PD1-PD4 composing the photodevice array 71 are compensated by the 
photodevices PD5-PD7 in the other photodevice array 72. 
[0034] 

5 Accordingly, by utilizing that as shown in Fig.7C, a transmission 

light a 2 and a diffraction light a 3 are separated from the incident 
light a 1 with the diffraction angle 0 to be outputted, the 
transmission light a 2 is arranged to irradiate the photodevice array 
71 shown in Fig.7A for example, while on the other hand, the 
10 diffraction hght a 3 is arranged to irradiate the photodevice array 72 
shown in Fig.7B. 
[0035] 

Thus, the center of the diffraction light a 3 coincides with the 
photodevices PD6, even when the center of the transmission light a 2 
15 is located at the gap between the photodevices PD2 and PD3, enabling 
an accurate wavelength to be measured by the diffraction light a 3. 

It is to be noted in the above-mentioned embodiments that Fig.2 
shows a reflection-type acoustooptic device, while Fig. 7 shows a 
transmission-type acoustooptic device 6. Furthermore, as shown in 
20 Figs.SA and 8B, either the transmission-type acoustooptic device 
shown in Fig.SA or the reflection-type acoustooptic device shown in 
Fig.SB can be applied to respective embodiments. 
[0036] 

Furthermore, the beam diffraction angle is obtained for 
25 obtaining the frequency which modulates the acoustooptic device in 
the above-mentioned embodiments. However, the refractive index 
based on the wavelength deviation A X obtained at the wavelength 
deviation detecting circuit 11 may be obtained, whereby the 
modulation frequency fa may be obtained. 
30 [0037] 

As described above, an optical spectrum analyzer and an optical 



11 



spectrum detecting method according to the present invention are 
arranged so that a wavelength deviation, from an assigned 
wavelength, of a hght detected by a photodevice array, which detects a 
wavelength of a diffraction light or a non-diffraction light from an 
5 acoustooptic device, is detected and a feedback control is performed to 
a diffraction angle of the acoustooptic device. Therefore, it becomes 
possible to consistently make a center of each photodevice coincide 
with a peak of an optical beam without increasing the number of the 
photodevices of a photodevice array and to accurately monitor an 
10 optical signal wavelength. 
[0038] 

Also, in the present invention, without using a feedback control, 
an exit light and a diffraction Ught from the acoustooptic device are 
respectively received by two photodevice arrays so that the 
15 photodevices are arranged in order to mutually compensate gaps 
between the photodevices. Therefore, it becomes possible to similarly 
make a center of each photodevice coincide with a peak of an optical 
beam. 
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